Background. Meaningful change criteria help determine if function has improved or declined, but their magnitudes may vary across clinically relevant subgroups. We estimate meaningful decline in four common measures of physical performance in subgroups of older adults based on initial performance, demographics, chronic conditions, and health status.
P HYSICAL performance de cits, detected by performance measures, have been consistently associated both cross-sectionally and longitudinally with falls, disability, hospitalization, institutionalization, functional decline, and mortality (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Because physical performance measures are strongly associated with many clinically relevant current and future outcomes, they are increasingly being used as outcomes in observational studies and clinical trials in aging. To promote interpretation, criteria for meaningful change have been developed for many commonly used performance measures. Meaningful change is typically determined based on anchors, where perceptions of change are elicited from individuals, providers, or caregivers, or it can be determined statistically as change relatively larger than the variability among participants adjusted for test-retest reliability. Estimates of meaningful change in performance can be used in clinical care and research to help determine if an individual has had an important change in function. In clinical trial planning, such magnitudes help determine projected sample size and study power. Initial estimates of meaningful change have been reported for gait speed, the Short Physical Performance Battery (SPPB) and 400-m walk (11) (12) (13) . All studies to date have created estimates over short time periods, based on the sample as a whole, without differentiating by potential factors that might in uence meaningful change.
It is reasonable to evaluate whether the magnitude of meaningful change might differ among subpopulations based on initial performance, demographics, health or disease status, or over longer time periods. Conceivably, persons with worse initial performance perceive change differently than those with better performance, or men and women may perceive change differently (14) . Gradual decline might be perceived differently from more rapid decline. For use in clinical care and clinical trials that exclusively target populations other than older adults in general, it is essential to know whether published meaningful change estimates still apply. Because the Health ABC study is large enough to allow estimates and comparisons among subgroups based on initial performance, demographics, health, and disease, we estimated meaningful change in multiple potentially in uential subgroups. Because Health ABC was designed to detect incident functional limitations over time, the initial population was quite well functioning, and thus, this study is limited to estimates of meaningful decline. In addition, we provide the rst estimates of meaningful change in the Health ABC Physical Performance Battery, which was designed specically to better detect change among healthy older people and examine change over a longer time period (15) .
M

Parent Study
The detailed methods of the Health, Aging and Body Composition (Health ABC) study have been published elsewhere (16) . Brie y, the Health ABC cohort consists of 3,075 black and white older adults aged 70-79 with no self-reported dif culty in walking a ¼ mile, climbing 10 steps, or performing activities of daily living that were recruited from the greater metropolitan areas of Pittsburgh, Pennsylvania, and Memphis, Tennessee, during the years 1997-1998. Participants were followed annually with clinic, in-home, and/or phone assessments. Mobility performance data were collected at baseline (Year 1) and at Year 4 (approximately 3 years after baseline), which we use in the present study, along with concurrent self-ratings of mobility dif culty.
Mobility Performance
Mobility performance measures from Years 1 (baseline) and 4 include a 6-m usual pace gait speed (m/s), the 400-m walk time (s), the SPPB, and the Health ABC Physical Performance Battery (PPB). The 400-m walk consisted of a 2-min warm up and repeated laps in an unobstructed 20-m hallway (17) . The SPPB consists of balance, walking, and repeated chair rise components each scored on a 0-4 ordinal scale and summed to yield an overall integer score with the range 0-12 (7) . The Health ABC PPB additionally contains more challenging tasks such as a one-foot stand and a narrow walk speci cally to facilitate discrimination among higher functioning older adults, and is scored on a 0-4 scale including decimal fractions (15) .
Mobility Anchors
Self-reported mobility from Years 1 (baseline) and 4 included dif culty/ease walking ¼ mile and climbing 10 steps. Each was based on separate Likert scales for difculty and ease, which allowed us to construct a composite rating ranging from 1 (unable) to 7 (very easy).
Distribution-Based Estimation
In order to compare our estimates with others, we applied two distribution-based approaches. First, the effect size for change over time is typically de ned as δ µ µ σ = − ( )/ ,
where µ 1 and µ 4 , respectively, are the Year 1 (baseline) and Year 4 means, and σ 1 is the baseline standard deviation of each performance measure (18) . An effect size of 0.2 is considered small and treated operationally as corresponding to a small but meaningful change, whereas 0.5 is considered moderate and treated as corresponding to a substantial change (19) . Therefore, effect size-based criteria for small and substantial meaningful change were computed as 0 2 1 . σ and 0 5 1 . σ , respectively. Second, we used standard error of measurement (SEM), given by SEM = − σ 1 1 r , where r is the test-retest reliability of the measure, to obtain an alternative estimate for small but meaningful change (20) . Test-retest reliabilities were applied as previously reported (0.904, 0.93, 0.72, and 0.72, respectively, for 400-m walk time, gait speed, SPPB, and Health ABC PPB (2,11)).
Anchor-Based Estimation
We operationally de ned "no change" as no change in the 7-level self-reported item. A decline of 1-2 levels was considered a "small decline," whereas a decline of 3 or more levels was considered a "substantial decline." Next, we took mean differences in performance measures between those with no change and small decline to be anchor-based estimates of small meaningful change and between those with no change and substantial decline to be anchor-based estimates of substantial decline. This approach has been used for meaningful change in Chronic Heart Failure Questionnaire and Chronic Respiratory Questionnaire (21), as well as many mobility performance measures (11, 12, 22, 23) .
Statistical Analysis
First, we used appropriate descriptive statistics (means, standard deviations, frequencies, and percentages) to summarize participant characteristics. We strati ed our anchorbased analyses for each mobility performance measure by participant characteristics such as "median" performance, age "midrange," race, gender, body mass index (BMI, normal ≤ 25, overweight 25-30, obsese ≥ 30), and self-reported global health and diseases (arthritis, cancer, diabetes, heart disease, and hypertension) at baseline. Because strati cation arti cially reduces baseline performance standard deviation, distribution-based analyses were performed only using the unstrati ed sample. We t a linear model with each measure of performance change as the dependent variable, and change in each anchor (no change/small decline/ substantial decline), each strati cation criterion and their interaction as independent factors of interest with appropriately constructed contrasts for obtaining statistical signi cance for differences in meaningful change estimates across strata. We used the false discovery rate methodology for obtaining p values adjusted for multiplicity due to many strati cation criteria (24) . This correction led to several situations in which between-strata differences in estimates of meaningful change had substantial magnitudes but were not statistically signi cant. Therefore, we mainly used multiplicity-uncorrected p values in order to apply a more sensitive standard to the evaluation of potentially important differences between strata. SAS software (SAS Institute, Cary, NC) was used for all statistical analyses.
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At baseline, participants had a mean age of 74, 52% were female and 42% were black. Participants entered the study with excellent self-reported mobility (Table 1) . About 20%-25% of participants did not have data for one or more of the key variables at Year 4 due to death, disability or drop out, and their change could not be ascertained. Those without Year 4 data tended to be older, were more likely to be black, and report poorer global health and more chronic conditions at study entry. There were 173 (8.1%) participants who reported improved ability to walk ¼ mile and 145 (6.7%) participants who reported improved ability to climb 10 steps. These samples sizes were too small to stratify into subgroups and were excluded from the anchor-based analyses.
Unstrati ed Analyses
Using Anchor-based small and substantial change estimates were 0.03 and 0.06-0.07 m/s for gait speed; 5.5-11.5 and 20.9-22.1s for 400MWT, 0.27-0.30 and 0.54-0.65 for SPPB; and 0.08 and 0.14-0.17 for PPB.
Baseline Performance Effect
Anchor-based estimates did not signi cantly differ between low and high baseline performance for gait speed or 400MWT (Table 2 ). For SPPB, 3/4 comparisons were not signi cant, whereas substantial decline estimate with respect to climbing 10 steps anchor was smaller in persons with SPPB < 10 (0.57 vs 1.14). For PPB, 3/4 estimates did not differ, whereas substantial decline estimate with respect to walking ¼ mile anchor was larger in persons with PPB < 2.34 (0.29 vs 0.14). None of the estimates differed across strata with multiplicity correction (not shown).
Demographics Effect
With uncorrected p values, there were no age or race differences. Men had greater estimates in 400MWT than women for 3/4 estimates. Men showed larger gait speed declines than women in ¼ comparisons. Women had a greater SPPB decline in ¼ comparisons. None of the estimates differed across strata with multiplicity correction, except in 400MWT with small decline estimate with respect to walking ¼ mile anchor, where men had larger estimates.
Health and Disease Effects
The only signi cant difference was effect of BMI on SPPB, where substantial decline estimate with respect to walking ¼ mile anchor was larger in BMI >30 (Table 2) . With uncorrected p values, 3/4 measures showed at least one subgroup difference for arthritis, but no consistency by anchor or direction. No differences were observed for other diseases. Multiplicity-corrected p values did not show any differences in a consistent pattern (not shown).
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Among high-functioning older adults, meaningful decline estimates are "generally consistent" across relevant subgroups based on "initial" performance, demographics, health, and diseases. The only consistent suggestive trend was for gender, where men had larger 400MWT declines than women in 3/4 estimates. Where we found other subgroup differences, we did not observe any pattern across measure, subgroup, or anchor. To our knowledge, this is the rst study to evaluate subgroup effects on meaningful change estimates in physical performance, despite having been identi ed as an agenda item for future work some time ago (14) .
We con rmed estimates for gait speed and SPPB and obtained preliminary estimates for 400MWT and PPB. It appears that the results for gait speed are consistent with prior published estimates of 0.05 m/s for small change and 0.10 m/s for substantial change; and SPPB is consistent with the published estimate of 1 point for a substantial change (11, 12) . Estimates of 5-19s for a small change in 400MWT and 21-31s for a substantial change suggest that overall estimates are approximately 12s for a small change and 28s for a substantial change. 400MWT estimates were slightly smaller than published estimates from Lifestyle Interventions and Independence of Elders Pilot participants (11) and potentially greater in men. Based on associations between greater 400MWT and incident 6-year outcomes in the same cohort (10), our estimate of 28s corresponds to a 13% and 24% (adjusted hazard ratio = 1.13 and 1.24) increases mortality and mobility disability risk. Estimates of 0.08-0.29 point for a small change in PPB and 0.17-0.28 for substantial change suggest overall estimates of approximately 0.12 point for a small change and 0.22 for a substantial change. We are not aware of other published estimates for PPB. Ours should be considered preliminary.
This study has several strengths. To our knowledge, this study contained the largest number of participants of all meaningful change in mobility performance reports to date. The cohort size permitted the important strati ed analysis. Second, four commonly used performance measures and two relevant anchors were available in this cohort. Third, prior studies had been conducted over shorter periods of time, whereas ours was 3 years. Our ndings were largely consistent, suggesting criteria for meaningful change may be time-period invariant. Finally, this high-functioning cohort allowed the use of the PPB. A frailer cohort would have precluded challenging mobility tasks in PPB. This study has limitations. First, as expected, we had a smaller number of self-reported substantial decliners than participants in other groups. Thus, our substantial change criteria are subject to a greater level of noise. Second, self-reported improvement was not common, and we were unable to obtain estimates of performance improvement. Third, those with lower baseline performance were more likely to have data missing at Year 4, thereby creating a dropout bias. This is common in longitudinal aging studies, where the dropouts are the weakest. It is not immediately apparent how to overcome this limitation, especially in a secondary analysis. Fourth, a substantial proportion of participants did not complete 400MWT, resulting in potentially greater bias. Fifth, the baseline high-functioning nature of our cohort may cause our ndings to be less generalizable to frailer populations. Lower baseline performance stratum partially mitigates this limitation. Finally, although our anchors have strong face validity for self-perception of own mobility and have been used in prior work, it is possible that results might be different with other anchors such as those representing health care provider perception.
Meaningful decline estimates in performance appear largely robust in many subgroups of elders, which provides for the desirable measurement characteristic of one criterion for change even in a heterogeneous population. We recommend 0.05 m/s, 12 s, and 0.12 point as criteria for a small but meaningful decline for gait speed, 400MWT, and PPB, respectively, and believe SPPB integer scoring makes it insensitive to small change. We recommend 0.10 m/s, 28 s, 1 point, and 0.22 point as criteria for a substantial decline for gait speed, 400MWT, SPPB, and PPB, respectively. These criteria could be potentially used to assess whether an elderly patient has had a meaningful decline between clinic visits or to estimate sample size and number needed to treat in intervention trials.
